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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN that we, Frank B. Stamps residing in Colleyville, Texas; Michael R. 
Smith residing in Colleyville, Texas, Christopher M. Bothwell residing in Grapevine, Texas; 
Lawrence M. Corso residing in North Richland Hills, Texas; James L. Braswell, Jr. residing 
in Colleyville, Texas; David A. Popelka residing in Colleyville, Texas; Ernst C. Schellhase 
residing in Fort Worth, Texas; Charles L. Hollimon residing in North Richland Hills, Texas; 
Thomas J. Newman residing in Maypearl, Texas; Bryan Baskin residing in Arlington, 
Texas; Thomas C. Campbell residing in Fort Worth, Texas; and Daniel B. Robertson 
residing in Southlake, Texas; all citizens of the United States of America; have invented a 
new and useful 

SOFT IN-PLANE TILTROTOR HUB 

of which the following is a specification. 
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Service Express Mail "Post Office to Addressee" seivice under 37 C.F.R. §1.10 on 
the date indicated above and is addressed to Mail Stop: Provisional Patent 
Application, Commissioner for Patents, P.O. Box 1450, Alexandria, Virginia 22313- 
1450. 
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This invention was made with government support under Contract No. NCC2- 

99086. 

Figure 1 is a perspective view of the soft in-plane tiltrotor hub according to the 
present invention. 

Figure 2 is a cross-sectional view of a dual spring rate damper used in the soft in- 
plane tiltrotor hub of Figure 1 . 

Referring to Figure 1 in the drawings, a soft in-plane tiltrotor hub 11 for a tiltrotor 
aircraft according to the present invention is illustrated. Hub 11 provides the desired 
delta-3, in-plane stiffness, and proprotor stability for a tiltrotor aircraft. Hub 1 1 allows 
the use of four or more proprotor blades without the need for active delta-3 or delta-3 
mechanisms. An offset flapping hinge 13 and a leading edge pitch horn 15 yield the 
desired delta-3 while increasing proprotor stability. A fixed chordwise damper 17 
provides the required damping for all flight modes of the tiltrotor aircraft. 

Referring to Figure 2 in the drawings, damper 1 7 is illustrated in a cross-sectional 
view. Damper 17 has two spring rates: a shear spring rate, depicted by reference 
numeral 22; and a bulge spring rate depicted by reference numeral 24. These spring 
rates are associated with a plurality of elastomeric springs/seals 25 that support a piston 
27 within a housing 29. 

Damper 17 includes a primary damping port 19 and a secondary damping port 
21 through piston 27 which fluids may pass. A fluid valve 23 is operably associated with 
primary damping port 19. Fluid valve 23 changes the fluid pressure, thereby changing 
the spring rate of damper 1 7 from the shear spring rate to the bulge spring rate. 

Dual spring rate damper 17 allows soft in-plane tiltrotor hub 11 to pass through 
the ground resonance condition. 

One advantage of the present invention is that the weight of damper 17 is 
minimized because the same spring is used to create both the shear spring rate and the 
bulge spring rate. 
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